Microbes have their own communication systems. Secretion and reception of chemical signaling molecules and ion-channels mediated electrical signaling mechanism are yet observed two special ways of information transmission in microbial community. In this article, we address the aspects of various crucial machineries which set the backbone of microbial cell-to-cell communication process such as quorum sensing mechanism (bacterial and fungal), quorum sensing regulated biofilm formation, gene expression, virulence, swarming, quorum quenching, role of noise in quorum sensing, mathematical models (therapy model, evolutionary model, molecular mechanism model and many more), synthetic bacterial communication, bacterial ion-channels, bacterial nanowires and electrical communication. In particular, we highlight bacterial collective behavior with classical and quantum mechanical approaches (including quantum information). Moreover, we shed a new light to introduce the concept of quantum synthetic biology and possible cellular quantum Turing test.
Introduction
The three-domain system of cellular life corresponds to archaea, bacteria and eukaryota. In a recent report, it has been confirmed that unicellular microorganisms archaea existed in 3456 million year ago (Schopf et al. 2018 ) and bacteria are the first evidence of life in earth (Schopf 1994) . We can find different microbes in each and every corner of the entire world. Antonie Van Leeuwenhoek (father of microbiology) studied microbes for the first time with his self designed microscope and put forwarded the concepts of bacteria and their survival in a diverse range of environment in his famous paper Bletter on the protozoa^( Leewenhoeck 1677). Leeuwenhoek's pioneering discovery and remarkable observations (nicely captured in the article by Lane 2015) gave birth to a new branch in science and a new era of microbiology began. Since then microbiologists have extensively studied single bacterial cell structures (Gahlmann and Moerner 2014) and their molecular mechanisms (Liu et al. 2015; Dangkulwanich et al. 2014) using powerful microscopes to understand the flow and processing of information required by the cell to maintain stability and to perform in a collective fashion. In the last four decades, the collective behaviors of the bacteria have caught the attention of microbiologists and the intriguing collective phenomenon of regulation of gene expression as a called quorum sensing has been discovered. Since then, it has been the central point of attraction and several researches have been focused on it (Fuqua et al. 1994; Gray et al. 1994; Miller and Bassler 2001) .
Due to high adapting capability with the diverse environments, bacteria are considered very intelligent among the family of microorganisms. The way bacteria communicates among themselves to regulate their survival strategies is the manifestation of their intelligence. Even, bacteria can talk! They talk to each other with chemical signaling molecules or autoinducers and coordinate the complex biochemical processes, which is known as quorum sensing mechanism (see Fig. 1 ). In human world, inter-human conversation is considered the most advantageous form of information transmission. Similarly, in bacterial community, the transmission of information is regulated via quorum sensing mechanism, which is not only limited in intraspecies communication but is extended to interspecies communication purpose also. Bacterium (e.g. E. coli, B. subtilis, V. fischeri, P. aeruginosa) release autoinducers from the cells and other bacterium in their vicinity are received this molecules. When autoinducers reach a threshold concentration, a coordinated change in bacterial behavior is initiated which stimulates cascade of signaling events resulting in the activation of quorum sensing genes. Bacteria make their own optimal survival strategy by this cell-to-cell communication mechanism (Shapiro 1998; Williams et al. 2007; Majumdar and Mondal 2016) .
To understand the information flow in the bacterial quorum sensing mechanism, researchers have engineered artificial bacterial cells. This fascinating branch of investigation, which is formally known as synthetic biology, is interdisciplinary in nature and is of current interest. In synthetic biology, the basic science is combined with engineering which enables us to design artificial biological systems for deeper understanding of different types of complex biological phenomena and to apply it in medical sciences and industries (Nandagopal and Elowitz 2011; Khalil and Collins 2010; Bashor et al. 2010) to discover the underlying mechanisms of different microscopic and macroscopic biological systems. But, the important challenge behind it is to recognize general, scalable strategies that accredit fabrication of increasingly complex gene circuits with reliable performance, as well as to construct original and significant technological platforms for the quantitative circuit characterization (Simpson 2004; Endy 2005; Marguet et al. 2007 ). In the early twenty first century, Prof. J. J. Collins and his co-workers constructed a synthetic genetic toggle switch, a bistable gene regulatory network in E. coli (quorum sensing bacteria) and proposed a noble scheme, which predicts necessary condition for bistability. This is a remarkable achievement because this toggle switch concepts can build a practical device (addressable cellular memory unit) which is useful for medical science and technology like biocomputing, biotechnology and many more (Gardner et al. 2000) . Another contemporary letter showed the design principle and construction of synthetic network in E. coli, where three transcriptional repressor systems were used, which were not a part of any natural biological clock. This interdisciplinary approach leads us to understanding of cellular behaviours as well as naturally occurring networks (Elowitz and Leibler 2000) . Following this pathway, researchers have been able to better understand the cellular interactions, which shed a new light in cell-to-cell communication (You et al. 2004; Basu et al. 2005; Brenner et al. 2007; Shou et al. 2007; Stricker et al. 2008; Danino et al. 2010; Chen et al. 2015; Scott and Hasty 2016) .
On the other hand, synthetic microecology allow us to study some important fact as biodiversity and the coexistence of populations using various mathematical models. Most of the previous researches in the context of microbial association did not consider spatial relationship, which has fundamental importance to study pattern formation. A predator-prey synthetic system was studied in 2008, which consisted of oscillatory population dynamics due to bacterial chemical communication mechanism (quorum sensing) (Balagaddé et al. 2008) . Then this approach was extended to study the spatiotemporal dynamics of biodiversity between two-engineered E. coli populations (Song et al. 2009 ). Moreover, spatiotemporal dynamics (evolution of microbial) of single motile E. coli was studied in 2016 with antibiotic background (Baym et al. 2016) . In recent investigation, a synthetic Eschericha coli killer-prey (killer strain NB003 and prey strain DZ10) microecological system is developed where the killer strain emits autoinduces (AHL), which can bind with LuxR, after autoinducers enter into prey. AHL-LuxR complex then produces cell lysis protein and kills the prey (see Fig. 2 ). This is a very robust synthetic design to study the spatiotemporal dynamics of the microecological system in a nutrient rich environment (Datla et al. 2017) . In general, biofilms are defined as Baggregates of microbes in which cells are often embedded in a selfproduced matrix of extracellular polymeric substances that are adherent to each other and/or a surface ( Flemming et al. 2016 ) (see Fig. 3 ). Bacterial cell-to-cell communication process is responsible for conciliating a wide variety of social activities in biofilms, which includes biofilm growth (Chopp et al. 2003; García-Aljaro et al. 2012) , biofilm dispersion (Solano et al. 2014; Cárcamo-Oyarce et al. 2015) , antimicrobial resistance (Thompson et al. 2015) , swarming motility and gene expression (Quiñones et al. 2005) . Moreover this chemical signaling mechanism regulates the extracellular polymeric substances production during biofilm formation (Waters and Bassler 2005; Vuong et al. 2003; Marketon et al. 2003) . P. aeruginosa has two different types of cell-tocell communication process (lasR-lasI and rhlR-rhlI), which are also involved in bacterial biofilm development. It has been observed that for certain population densities, these biochemical signals reach the required level of concentration for the gene activation which are involved in biofilm differentiation (Davies et al. 1998) .
Bacterial biofilm, the emergent form of bacterial lifestyle on surfaces, are very organized communities where millions of densely packed cells are accommodated and have coordinated motion inside it. This co-ordinated motion of bacteria inside the biofilm is a consequence of chemical signaling mechanism. Apart from chemical signaling, recently, another type of signaling mechanism has been realized which is mediated by bacterial ion-channels (electrical signaling) (see Fig. 4 ).
Prof. G. M. Süel and his collaborators observed that biofilm communities exhibit fascinating microscopic potassium wave mechanism (Prindle et al. 2015; Beagle and Lockles 2015) . Bacterial cells residing within a community can cooperate and compete with each other for nutrients. It also has been observed that the metabolic oscillation of bacterial membrane is triggered by resource limitation and the oscillatory dynamics resulted from long-range metabolic co-dependence between cells in the interior and periphery of the Bacillus subtilis biofilm. It has been reported that the growth of the biofilm halts periodically and the collective oscillation in the biofilm growth is an advantage to bacterial community to secure bacterial life from the chemical attack . Moreover, this finding suggests that bacteria use K + ion-channel mediated electrical signaling to coordinate metabolism within the biofilm and hence conduct a long range electrical signaling within bacterial biofilm communities through the propagating wave of potassium (Prindle et al. 2015) .
In a very recent studies, an attraction of motile cells (P. aeruginosa) towards biofilm is observed (see Fig. 5 ), where bacterial ion-channels play an important role. Researchers demonstrated that changes in extracellular potassium gradients are sufficient to direct motile cell behaviour and the attraction depends on membrane potential and mediated sensitivity of the motile cells to the potassium signals generated by the B. subtilis biofilm (Humphries et al. 2017; Majumdar and Pal 2017) . Liu et al. (2017) extended the idea and showed a time sharing behaviour, which maintains biofilms growth under limited nutrient supply. 
Talking about talking microbes
Bacterial quorum sensing mechanism not only studied by microbiologist but also investigated by the mathematician and physicist. Last 18 years, several mathematical models have been proposed to quantify this biological phenomena, which can be divided into five different class of models: (i) Models of quorum sensing molecular mechanisms, (ii) Therapy related models, (iii) Evolutionary models, (iv) Mathematical models of specific quorum sensing regulated process and (v) Other approach models (Pérez-Velázquez et al. 2016 ).
Mathematical models of bacterial cell-to-cell communication

Models of quorum sensing molecular mechanisms
The first model of quorum sensing system of V. fischeri was developed by James et al., where the model had two stable metabolic states corresponding to phenotypes and it had three steady states (one is stable, another two is stable under certain conditions). This conditions leads to a switch-like behaviour of the regulatory quorum sensing system (James et al. 2000) . Dockery and Keener (2001) developed a quorum sensing model of P. aeruginosa, where the kinetics of the Las system is emphasized by an eight dimensional system with MichaelisMenten type kinetics. Moreover, this model was extended into a more realistic type model by adding a spatial variable. Ward et al. (2001) approached talking bacterial mechanism as a population dynamics and examined the bacterial population growth (up-regulation and down-regulation system) and autoinducer production. This is the first attempt, where experiments were designed to estimate model parameters.
(See more details in Ward et al. 2001 and Majumdar et al. 2012 ) (Fagerlind et al. 2003) proposed a model of two quorum sensing systems of P. aeruginosa (las/rhl) and showed that mono stability of the system can occur due to high concentration of autoinducers. (Gustafsson et al. 2004 ) investigated the quorum sensing system of S. aureus to determine the specific role of SarA in the agr system. (Goyachev et al. 2006 ) studied a cell communication model, which consists of two positive feedback loops to revealing relevant facts of the relationship between observable phenotype changes and the structural organization of intra cellular networks. They also studied the system including molecular noise. (Li et al. 2006 ) formulated luxS system of E. coli using stochastic approach to unveil an alternative pathway for AI-2 synthesis. Latter, another group of researchers discovered that the rate of synthesis is dependent on glucose (Barrios et al. 2009; Barrios and Achenie 2010) . (Fekete et al. 2010 ) studied quantitative information, which can be utilized to estimate parameters such as production rate of the autoinducers, threshold concentration to achieve activation and the fundamental role of an autoinducer regulated enzyme, which degrades autoinducers. Further information about this types of models, are described in Refs (Quan et al. 2016; Hunter et al. 2013; Hense and Schuster 2015; Ward et al. 2004) .
Therapy related models
Alternative of antibiotics is one of the major areas of research now a days. Since, pathogenic quorum sensing bacteria are intimately connected with the human health, several mathematical models have been recently proposed whose major concern is to use quorum sensing mechanism as a target for therapy -scientifically known as quorum quenching. As an example, (Anguige et al. 2004 ) considered P. aeruginosa, one of the important human pathogenic bacteria, and developed a new model to explore an alternative way of antibiotic treatment. They discovered that autoinducer concentration can be reduced by the application of anti-quorum sensing agent in specific dose while the rest of the parameters were also important for successful treatment. Later, in the next year, they extended their work to incorporate well mixed bacterial populations (Anguige et al. 2005) . On the other hand, (Viretta and Fussenegger 2004) proposed a deterministic model (three quorum sensing systems las, rhl and mvfR-PQS) to understand virulence and the quorum sensing response to pharmacological interference. They confirmed that the interference of the PQS signaling system can act as an efficient antivirulence agent. (Fagerlind et al. 2005 ) also developed a model (quorum quenching) for the autoinducer antagonist (quorum sensing blockers) which predicted that quorum sensing blockers induced degradation of LasR is crucial for developing successful quorum quenching. In addition, (Ward 2008 ) studied anti-quorum sensing model in batch culture and biofilms and demonstrated that the effeciency of the treatment is probably dependent on the time of application of QSI and putative anti-LasI treatment is vey potent. Apart from these specific examples, there are various therapy related models (Beckmann et al. 2012; Anand et al. 2013 ) (see more details in Pérez-Velázquez et al. 2016) , which can provide an alternative direction of antibiotics in near future.
Evolutionary models
In the first evolutionary model, quorum sensing mechanism was presented as a particular case and the evolutionary stability of host was studied in the context of cooperation (Brown 1999) . (Brown and Johnstone 2001) presented a partial differential equation based model to describe the optimal level of cooperation. An agent-based model of biofilm development was investigated by (Nadell et al. 2008 ) which showed the production of extracellular polymeric substances regulated through quorum sensing mechanism. In particular, it was observed that four strains interacted and differed in their ability to produce extracellular polymeric substances: (1) no polymer secretion and no quorum sensing; (2) polymer secretion but no quorum sensing; (3) polymer secretion under negative quorum sensing control; and (4) polymer secretion under positive quorum sensing control. These observations immediately led to the conclusion that quorum sensing mechanism controls biofilm formation. Besides, Stochastic cellular automata model of quorum sensing showed that bacterial communication mechanism evolves from non-cooperating strains when the population is low and surprisingly, cheating and exploitation were found in communication process (Czárán and Hoekstra 2009) . In short, the evolutionary model of bacterial communication system (regulated by different signaling mechanism) has potential to provide some fundamental insights of the collective mechanism such as colony formation, regrowth, mixing, colony dispersal, stabilize cooperation and many more. There are other findings also like cheater punishment (Friman et al. 2013) and stress produced by the quorum sensing proficient individuals (Wang et al. 2015) are some of the interesting new outcomes.
Mathematical models of specific quorum sensing regulated process Biofilms Since last 32 years, biofilms have been the focus of major studies and several mathematical models of biofilms are investigated. Some of the models incorporate one dimensional partial differential equation approaches while the others are multi-dimensional (spatial coordinates) to explore the possibility of life on a surface. (Eberl et al. 2001 ) presented a nonlinear density dependent reaction-diffusion system to exploit quorum sensing regulated biofilm formation and spatiotemporal quorum sensing induction patterns. The autoinducer concentration profile can also change and effect biofilm growth (Nilsson et al. 2001) . (Chopp et al. 2002) studied in detail about growing biofilms together with cell communication. In related other works, biofilm was treated as two parts (1) active biomass and (2) inactive biomass and the concept of critical biofilm depth together with the corresponding approximation time was developed (Chopp et al. 2003) . (Ward et al. 2003) found the travelling wave mechanism of the quorum sensing mechanism. There are several other mathematical frameworks related to quorum sensing regulated biofilms formation, which can be found in detail in (Pérez-Velázquez et al. 2016 ).
Swarming The two dimensional swarming behaviour was emphasized by Netotea et al., which showed the control mechanism of secreted factors and chemical signaling schemes. The model included chemotactic agents, cell displacement towards nutrients, well-defined quorum sensing genes and their properties. It also explored dendritic growth patterns (Netotea et al. 2009 ) (for detail discussions follow Pérez-Velázquez et al. 2016).
Virulence It has been observed that the virulence is regulated by the quorum sensing mechanism of various bacterium such as P. aeruginosa, V. cholerae and S. aureus. The process of endosome escape of S. aureus was modeled by (Koerber et al. 2005) , which presented a brief asymptotic analysis using Monte Carlo simulations. (Karlsson et al. 2007) showed that competence appears as waves. (Haseltine and Arnold 2008) explained how inducting density tune the virulence of V. fischeri. (Anand et al. 2013 ) studied LuxI/LuxR quorum sensing system using a computational modeling approach and predicted that the virulence may be inhibited by the combination of LuxI and LuxR (non competitive inhibitor).
Other approach models
Researchers make some other different mathematical frame works to understand this cell-to -cell communication mechanism. However, in this article, our motivation is to accumulate few significant and fundamental recently developed biophysical models to explore the specific features of chemical and electrical bacterial communication. Prof. Bonnie L. Bassler and her collaborator recently explored material properties of extracellular matrix in presence of environmental perturbation (osmotic pressure difference) (Yan et al. 2017) . They also showed that RhlR controls the biofilm formation and genes encoding virulence factors in absence of Rhll. (Mukherjee et al. 2017) . Quorum sensing induced biofilm detachment was studied by (Emerenini et al. 2015; Emerenini et al. 2017) . (Dilanji et al. 2012 ) presented autoinducers spatiotemporal patterns and propagating wave phenomena. (Zhao and Wang, 2017) numerically investigated quorum sensing regulated biofilm morphology. They suggested that the structure formation of biofilms is affected by cell communication. Recently, the experimentally observed ion-channel mediated electrical signaling was also verified by Hodgkin-Huxley model (Hodgkin and Huxley 1952) . This electrophysiological model concerns about the changes of membrane in response to extracellular potassium ion. Biofilm was treated as oscillation source of extracellular potassium ion, which can periodically attract motile cells P. aeruginosa) by changing their membrane potential (Prindle et al. 2015 
The role of noise in quorum sensing mechanism
Noise plays a significant role in gene circuit. Cox et al. studied the role of noise is quorum sensing circuit operation with a set of tool like frequency domain analysis, stochastic simulation, power spectral density and whitening effect. They demonstrated noise in quorum sensing circuit as a positive feedback function in entire population. Autoregulatory gene circuit could optimize the performance by shifting noise into frequency domain and made significant and dynamic modification to the noise spectra (Cox et al. 2003) . (Weber and Buceta, 2011) explored the transcriptional noise in cell-to-cell communication system near the threshold. The dynamics of the autoinducer is dependent on diffusion coefficient and the total noise has a non monotonic behavior. Moreover, they showed that bacteria had adapted their communication processes in order to improve the signal-to-noise ratio. (Bressloff 2016) analyzed ultrasensitivity and noise amplification of V. harveyi quorum sensing system and showed that quorum sensing can protect against the noise amplification of fast environmental fluctuations. Other research works also showed that quorum sensing networks can mitigate the effects of noise (Russo and Slotine 2010; Tabareau et al. 2010) . One of the present author (SM) together with Sisir Roy proposed a theoretical framework of this complex biochemical phenomenon by using noisy Burgers equation (Majumdar and Roy 2017a, b) . They assumed that a collection of bacteria (densely packet bacteria inside biofilm) behaves as dense granular system. The finite size of the bacteria indicates the existence of an intermediate length scale, which leads to the introduction of a source of fluctuation (non-local noise) in the system. The swimming induced stress on the bacteria can also change the local arrangement of bacteria induced stress fluctuations. Based on this assumption they have formulated cell communication process, which can be described as
where, ∇η = − ν∇ 2 (Δu k ) and Δu k = u − u k .They also emphasized that the non-local hydrodynamical model (based on Ginzburg-Landau framework) can explain the quorum sensing mechanism quite consistently. The noise induced kinematic viscosity ν plays the crucial role to understand the quorum sensing phenomena. Spatiotemporal behaviour of the system and pattern formation (Majumdar et al. 2017 ) is also studied in detail.
Fungal quorum sensing
Quorum sensing mechanism are not only limited to bacteria. It has been observed in pathogenic fungus Candida albicans also. The communication process of C. albicans is mediated by farnesol (quorum sensing molecule) (Hornby et al. 2001 ). Other than farnesol, there are other quorum sensing molecules such as tyrosol (second quorum sensing molecule in C. albicans) (Chen et al. 2004 ), phenylethanol and tryptophol (quorum sensing molecules of Saccharomyces cerevisiae) (Chen and Fink 2006) . Fungal communication process are also explored in different fungi such as Histoplasma capsulatum (thermo-dimorphic pathogenic fungus) (Kügler et al. 2000) , Ceratocystis ulmi (phytopathogenic fungus) (Hornby et al. 2004) , Neurospora crassa (Roca et al. 2005) , Saccharomyces cerevisiae (Severin et al. 2008) and Cryptococcus neoformans (Lee et al. 2007) . Fernesol affects the regulation of C. albicans filamentation, biofilm formation, oxidative stress, modulation of drug efflux and other microbes (Aspergillus nidulans, Saccharomyces cerevisiae, Aspergillus niger, Aspergillus fumigatus, Fusarium graminearum, C a n d i d a d u b l i n i e n s i s , C a n d i d a p a r a p s i l o s i s , Paracoccidioides brasiliensis, Mycobacterium smegmatis, Pseudomonas aeruginosa) (Albuquerque & Casadevall, 2012) . For recent updated research, one can consider the review article by (Wongsuk et al. 2016) .
Quantum information and cell communication
Quantum biology is a concept where quantum physics and biology intersects each other. In the early twentieth century researchers began to understand various complex biological phenomena using powerful microscopes and biophysical theories. Erwin Schrödinger in his famous book BWhat is Life?^mentioned that quantum mechanics accounts for the stability of living things and their cellular processes through our understanding of quantum mechanics of the stability of molecules and the fact that quantum effects create sometimes large energy gaps between different states of chemical systems (Schrödinger 1944; Majumdar and Pal 2016) . Recent experimental evidences have proved the significant and fundamental role of quantum physics in vision, electron and proton tunneling, photosynthesis, magneto-reception and olfactory sensing (Lambert et al. 2013) etc. These ingenuous findings are of paramount importance and have certainly opened up some basic questions: Is there any phenomenon that is triggered by the non-trivial quantum effect in microbiology? Does the probabilistic world of quantum mechanics have any role in microbial communication? If yes then how quantum information theory decode biological information? Can quantum mechanical aspects shed some lights on the survival strategies and communication process of some microorganism? All of these issues are yet not resolved and still are the open challenges to meet. However, in room temperature, to understand the role of quantum effects, we discuss bacterial ion-channels, bacterial nanowire and the perspective of quantum synthetic biology and quantum Turing test in bacterial cell-to-cell communication system.
Bacterial ion-channels and quantum interpretations
Neurophysiology, biophysics, electrophysiology and cognitive science are very much interlinked to each other and a very active field of research to emphasize the activity of human brain, where ion-channels mediated neural signaling play the dominant role. The structural configurations of different ion-channels in human brain are similar to bacterial ion-channels, which provide a pivotal role of the structural basic of signaling mechanism (Doyle et al. 1998) . Bacterial ion-channels are protein complexes, which regulate the ions' flow across the cell membrane and have been indispensable medium in long-range communication. Bacteria have many types of ion-channel such as potassium ion-channel KcsA (Prindle et al. 2015; Doyle et al. 1998 ) (See Fig. 6 ), sodium channels (Ren et al. 2001) , chloride channels (Iyer et al. 2002) , calcium-gated potassium ion channels (Jiang et al. 2002) , ionotropic glutamate receptors (Chen et al. 1999) .
Ion-channels have been crystallized using x-ray crystallography for better understanding of complex structure protein on atomic level and mechanisms of ion selectivity and conductance are explored as well (Dutzler et al. 2002; Berneche and Roux 2001; Noskov et al. 2004) . (Vaziri and Plenio 2010) studied the ion-channels and suggested that the selectivity filter ion-channels may exhibit quantum coherence. (Salari et al. 2017 ) recently simulated neighboring two ion-channels with a double slit experiment and got decoherence timescales (ion survives approximately 100 ps in channel and approximately 17-53 ps out the channels), which indicates that due to environmental decoherence quantum interference of similar ions is not observed. (Bernroider and Roy 2005) explained that the physical action behind ion permeation though pores requires action orders at a quantum scale and represented a superposition of ion states in the permeation filter of the channels which is close to the filter from its environment as jψÞ ¼ ja 1;3 Á a 1;3 jψ þ ja 2;4 Á a 2;4 jψ
(The probability of finding K + in the state a 1, 3 and a 2, 4 can be calculated by |β| 2 = 1 − |α| 2 and O is the subsystem) (See details in (Bernroider and Roy 2005) ). So, one can find the state transition from above equation, which is equivalent to a fundamental mapping of quantum computation (c-not twoqubit quantum gate). (where, | ψ is the ions state vector for the low potassium ion structure and | a i, j represents the ket vector of either (i = 1, j = 3) or (i = 2, j = 4) ion location). Moreover, they presented an entangled state between the two subsystems of the channel filter as
Majumdar and Roy investigated K + channel mediated bacterial communication process using nonlinear Schrödinger of the from (Roy & Llinás, 2009) 
(where ψ is the wave function of Potassium ion) and arrived Complex Ginzburg-Landau equation by adding perturbation to the above nonlinear Schrödinger equation. They explained potassium wave mechanism as
where ψ(x, t) is a complex field and ϵ > 0 while h = h(Ξ) and g = g(Ξ) are real analytic functions over [0, inf) (Majumdar and Roy 2017) . Latter they analyzed this communication system and numerically showed spatiotemporal disordered regimes (defect-mediated turbulence, phase turbulence and spatiotemporal intermittency) and chaos in non-equilibrium bacterial conversation system (Majumdar and Roy 2017a, b) .
Bacterial nanowires
Electron transfer is crucial in biology. Microorganisms capture electrons from different sources and transfer them to electron acceptors. Extracellular appendages of bacteria is known as bacterial nanowires, which are the recommended pathways for electron transport in different microbes including metal reducing bacteria and cyanobacteria (photosynthetic bacteria) (El-Naggar et al. 2010). El-Naggar et al. 2010 studied bacterial nanowires and electrical transport along it from Shewanella oneidensis and reported a microbial strategy for extracellular electron transport while (Reguera et al. 2006) presented long range electron transfer across multilayer biofilm.
Quantum synthetic biology: a perspective
Quantum gate circuit can be constructed using quantum information theory, which includes classical information as well. In many cases bacteria communicate to each others using more than one autoinducers and they integrate the information and convey it. Bacteria can learn about the environment and can evolve different signals and finally are able to merge the signals using signal integration circuits. (Karafyllidis 2012) proposed a quantum circuit model of bacterial quorum sensing mechanism, then simulated quorum sensing circuit (based on quantum information theory) and analyzed autoinducers variations, which contain a crucial information about environment. Following this research trajectory, a design principle of the communication process can be devised, which may open up a new paradigm for synthetic biology. We can think it as a quantum synthetic biology, where quantum gate circuit concept allows us to make synthetic bacterial cell to study information processing inside single bacterial cell and its communication system to reveal unknown information processing mechanism in microbial communications (inter and intra species). On other hand, one can also make a synthetic quantum quorum quenching scheme to develop therapy model.
Quantum Turing test in biology
The assertion of Church-Turing hypothesis dictates a close connection between physical systems and model computing machines. Following the hypothesis, a strong possibility of two-way cellular communication between artificial and natural cells opens up through the chemical signaling mechanism in biological systems. The recent experimental observation by (Lentini et al. 2017 ) has already estimated the efficiency of artificial cells in efficiently imitating the natural cells through cellular Turing test. Recent experiments also have progressed in this direction to reconstruct the well characterized pathways based on quorum sensing mechanism to build an artificial cells that can imitate the ability of natural cells like V. fisheri, E. coli, P. aeruginusa. The artificial cells of these bacteria can send and sense the chemical information and hence can interact with natural bacterial cells. Luminescence, fluorescence, RTqPCR and RNA-seq have been observed in artificial cells (Lentini et al. 2017; Majumdar and Pal 2017a, b) .
The artificial cells containing DNA can support transcription and translation process (Noireaux and Libchaber 2004) , which develops the concept of one way synthetic communication. The quest for quantum basis of information gave birth to the digital data and computers in past. But one can't deny the scopes of quantum computers. Particularly, to unveil unidentified underlying signaling pathways of bacterial decision making and/or optimal survival strategy we propose cellular quantum Turing test (Deutsch 1985) for digital signal processing as the possible route towards this two-way synthetic communication.
Conclusions
Bacteria understands that being united they stand, divided they misunderstand. We accumulate major portion of bacterial quorum sensing mechanism (experimentally, theoretically) and quorum sensing regulated behaviors such as extracellular polymeric substances and biofilm development, swarming, virulence together with recently discovered potassium ionchannel mediated communication system. In case of bacterial electrical communication, we still don't know what are the exact informations bacteria can process through this mechanism. Stochastic fluctuation (noise) can also play a very significant role in biochemical conversation. This ongoing research on bacterial collective behavior is highly significant for our every day life as we are surrounded by bacterial world. Even, the numbers of bacterial cells are ten times more than human cells in our body. Thus different kind of bacterial infections are quite common and can be life threatening. (National Institutes of Health 2007) stated "Biofilms are clinically important, accounting for over 80 percent of microbial infections in the body. Examples include: infections of oral soft tissues, teeth and dental implants; middle ear; gastrointestinal tract; urogenital tract; airway/lung tissue; eye; urinary tract prostheses; peritoneal membrane and peritoneal dialysis catheters, in-dwelling catheters for hemodialysis and for chronic administration of chemotherapeutic agents (Hickman catheters); cardiac implants such as pacemakers, prosthetic heart valves, ventricular assist devices, and synthetic vascular grafts and stents; prostheses, internal fixation devices, percutaneous sutures; and tracheal and ventilator tubing.Ŵ e also demonstrate some key facts of fungal quorum sensing system, which has a major role in agricultural research and food science and technology. Synthetic bacterial communication can reveal different unseen phenomenon in biochemical communication, which is applicable in biotechnology, biocomputing and medical sciences. Bacterial nanowires, ion-channels and quantum approach (including quantum information) of this conversation game are till now has been explored. Researchers can design their experiments based on the proposed quantum phenomena. We extend the subject matter with a new perspective of quantum synthetic system and aim towards the cellular quantum Turing test, which can be one of the major challenges for future research in this context and hopefully will be able to disclose unfinished symphony of microbial communication.
